*1 ' Lo : ‘#."»\,‘ £ g e

" i

y \ ) ', 5 Paper no.
:. THE AMERICAN SOCIETY OF 56--A-135
- MECHANICAL ENGI!NEERS
><3 29 WEST 39TH STREET . NEW YORK 18, N. Y.

e AD-A284 486

[
b e " !
LECTE g; TR

F: EFFECTS OF JINCTION MANUFACTURE ON

TLERVMCCOUPLE EMF CENERATION

Dr. Erich A, Farcer, Member ASME
University of FPlorida
Mechanizal Engilneeringz Department
Coliege of Engineering
“niversity of Florida
Cainsville, Florida

e

%. R. =lickstein. Assoclate Member, ASME
~— Hhesearch Assistant
Universiiy of illinois
rbara, Illinols

an

-
e . -+ T - - .
: +

Thie desuman’ Las D€xd IRED Ve
tor putlic r2lezse ard zale; is _
distribution i cnimated ;

e

Contributed by tre Heat Transfer Division for presentation at the ASME Annu 1
Meeting. New York, N. Y. - November 25-30, 1956, (Manuscript received at
ASME Eeadquarters hugust 2Wta, 1956.)

Written dlscussion on this paper will be accepted up to January 10, 1957.

{Coples will be available until October 1, 1957)

rois el o0 : Sk

The Society shall not be responsible for statements or opimions advonced in popers or
in discussion ot meetings of the Society or of its Divitions or Sections. or printed in

BC) conts per copy
Te ASME member, '253

its publications

‘ Dumin_ on publication of this paper in an ASME 'ioumcl hod
not bean taken when this pamphlet wos prepared. Discussion
is printed only If the paper is published in'an ASME journal.’

Released for general publi-
cation upon presentation

Printed in U.S. A,




A |

Effects of Junction Manufacture on
Thermocouple EMF Generation

By E. A. Farber and M. R. Glickstein

Thermocouples (copper-constantan in this case)
with junctions manufactured by different meth-
ods of soldering, brazing, and welding were
bound in sets of eight and heated in a furnac:
with the junctions all maintained at the samie
temperature. Even though they were all at the
same temperature a difference was noted in the
emf generated by the various junctions, a fact
which does not seem to have been covered in the
literature. The greatest difference corresponded
to a temperature difference of about 2 deg F.
The thermocouples were first tested at consrant
temperature over a period of 600 hr, in order to
determine any aging effects, and then with the
temperature varying from 95 to 585 F. Con-

sidering the temperature indicated by one junc-
tion as an arbitrary reference, the indicated tem-
perature differences between the reference junc-
tion and the other junctions were graphed
against the junction age in the tests where the
temperature was constant, and were graphed
against temperature in the case where the tem-
peraturc was varied. All the thermocouples.
carefully manufactured by the same method, indi-
cated the same temperature, which was, however,
different from that indicated by thermocouples
manufactured by a different method. The varia-
tions changed somewhat with age and tempera-
ture level, but the greatest deviation remained
about 2 deg F over the raage of 95 to 585 F.

Thermocouples are 1ln wlde use today as
temperature - measuring devices and are used
in a multitude of applications in which their
temperature indications are relied upon for a
high degree of accuracy with no discrimination
as to the method of Junctlion manufacture, whicr
may be welding, brazing, soldering, or the llke.
Though the literature on the subject of thermo-
couples 1s extensive, there does not seem to
have been any previous. lnvestigatlion into the
effects of thermccouple Junction manufacture on
temperature indicatlons, On the contrary, the
literature elther lgnores the matter completely
or glves the lmpression that the method of Juncture
makes no difference, For instance, Mark's
Handbook(1)! states that the only conslderations
in Jjunetion manufacture are good electrlcal
contact and mechanical strength, In another work,
Weber(2) 1lists the criteria for thermocouples but
makes no mentlon of Junctlon manufacture,

This lnvestlgation, contrary to statements
found 1n the 1iterature indicates that results
obtained in calibrating a thermocouple with one
tvepe of tunctlon cannot be used for a thermocouple

1 wumbers in parentheses refer to the Bibliography
at the end of the paper,
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EXPERIMENTAL ARRANGEMENTS

The equipment used in thls investigation
conslsted of a thermocouple~calibration furnace
with copper equallizing block and control circuilts,
a portable precision potentliometer, a thermocouple~
selector switch with terminal blocks (all manu-
factured by Leeds and Northrup), a clock with a
sweep-second hand, and the thermeccouples to be
tested,

The thermocouples were connected to the
selector switch In such a way that they could be
coupled Into the measuring clrcult in seguence,
The same cold junctlon was used for all eight
thermocouples, All connections of the t. . ermo=-
couples and switch leads were made on a connection
block which was then mounted in a closed box and
Insulated with glass wool, The circult diagran
and arrangement of the apparatus used in this
investigation are shown 1n Figs. 1{a and b),

TEST THERMOCQUPLES

All the thermocouples referred to here were

with a different type of lunction, even though it

|

has come off the same spool of wlire,
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{(a) Wiring diagram of thermocouple test clrcult

Fig.i

made of copper-constantan wire off the same
spool, Type GG~20-DT, Gage 20 B&S, with single
and duplex fiberglass insulatlon, which was
manufactured by the Thermo Electric Company of
New Jersey, The methods used in manufacturing
the Jjunctions were as follows:

1 Welding in a neutral oxyacetylene flame
with a borax flux,

2 Silver soldering with an 1160 F solder
and flux using an oxyacetylene flame for heat,

3 Spot-weldlng on an Electronlc Welder No.
401~LE, made by Eisler Englneering Company of
New Jersey, with the transformer on the second
tap and the timer on six cycles,

4 Welding by inserting the Jjunction into
an arc approximately 1/2-in. long between two
1/4-1in, carbon electrodes in series with a
7-ohm resistor, A 110-volt a-c supply was used
for power, No flux was used, and the junction
was withdrawn from the arc and cooled in alr as
soonn as fuslon had occured,

5 Weldling by drawing an arc between the
Junction and a carbon electrode with liie same
supply current as in ltem 4, No flux was used
and the Junctlon was cooled in alr,

6 Welding by drawing an arc between the
junction and a3 mercury pcol under a 2-1in, layer
of mineral c¢il, The same supply clrcult was
used as in i1tem 4 and the Junctlon was cooled
under oil after fuslon,

7 Braging with 1600 F yellow bror-., using
an orxyacelylene flame for heat and a borax flux,

8 Twisting a Junction about 1/8 in, long,

A set of prepared functions is shown In Fig.

2{a). Each of the elght types of Jjunctlons was
made on a 5-ft length of wire, and the elght

(b} Writer with equipment in operation

Arrangement of apparatus

thermocouples were then bound together in a
bundle, as shown in Fig, 2(%), for insertion into
the equallzing block in the furnace, The thermo-
couple bundle was inserted to a depth of 17 in,
into the equallzing block, with all the Junctions
lying in the same herizontal plane, A spot-weided
cold Junction was used With zll the thermocouples
in this investigation,

EXPERIMENTAL ACCURACY

Afler the apparatus wac assembled it seemed
that errors might be caused by temperature
gradients in the connecting blocks, temperature
changes 1in the cold Jjunction and effects from
the selector switch,

In order to overcome the problem of tempera-
ture gradients in the furnace, the functions were
bound together and inserted intoc the center hole
of the equallzing block to a depth of 17 in,

All Junctions were then in a harlzontal plane.
All the tests were conducted between the hours

of 8:00 and 11:00 in the evening in order to
eliminate variations 1n furnace temperc.ure
to fluctuating line voltage, By late evening
the temperature distribution of the furnace had
become constant and the small heat flow up the
equallizing block had become steady. The horle-
zontal plane of the thermocouple Junctions

e

caincided with an isotherm and all of the Junctions

were then at the same temperature,

Temperature gradients in the connecting
blocks could only be caused by air moving over
the copper strips on the block. Gradlents of
such orlgin were ellminated when the blocks were
packed 1In glass wool,

The cold Junction was 1nserted Into a thermos
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bottle which was kept fillea with a mixture of

cracked 1ce and water, The waier-ice mixture

was stirred perlodically to proven:

the temperature of the cold luact -
In order to chzck tre : "~:1%

effects on the measuremenis, .+ :an.

conducted with the switech ..., :

changes n
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switch out of the c?!reoull, the

was the same for a.. case: .

relative rather than absoiio [

to be considered in this iov . . | oo, nnes
small differences, having ' 5 ,
could be ignored, As anci.ro Ord L e
couple was connected in common 1o il v lewd
wires from the switch, to i = amo:; Iapihi,
No difference was found 11 = B LW
was rotated through 1ts 47 ! : T

and therefore the switch was . LIt

no effect on the relative teump . o
TEST PROCEDURE

The furnace was adjusted *y
control rheostat to the desir:ed fcuwperiiure
and allowed to come to equille:ii.m whi~n
usually took about z or 3 Jdu.i. o L.
test the furnace remained ut v, ¥ J. .1
whole time, but for the remaindcr .r
gatlons conducted for about
four different temperatures,

The cold Junction was fr= 1 -+ intos tue
bath and packed with fce, the ;utentiomster
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standardlzed, and the sweep second hand on the
clock was started,

Starting with the first Junction and pro-
ceeding in sequence at 30-sec intervals, the emfts
»f the thermocouples were measured and recorded,
The sequential measurements were continued for

was made, as long as the entire lunction was
malntsined at the temperature to be messured,
However several findings of previous thermo-
couples studies have shown facts contrary to the
aforementlioned suggestion,

has heen found that base-metal thermocouples,

For instance, 1t
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Fig.4 Curves of elapsed time versus emfl generated

16 min, which gave four measurements for each
Junction and five for the first,

At the completion of the tests, the thermo-
couples were removed from the furnace and the
junctions were cut off for inspectlon, The
Junctions were mounted 1n lucite, ground, and
then polished on the cross section, and etched
with an etchant consisting of a mixture of
potassium dichromate, sulphurlc acid, and sodium
chloride, After etching, photo-mlcrographs were
made of each Junetion, Samples are shown in
Figs. 3(a),3(b), and 3(c),

Two more sets of thermocouples were prepared
exactly as the first set, and the test results
of each compared with those obtalned from the
first set,

THEORETICAL EVALUATION OF THERMOCOUPLE CONSTRUCTION

One of the thermoelectric laws, the law of
intermediate metals, states that if a metal C
18 inserted hetween metals A and B in a thermo-
couple Jjunction, and 1f the Junctions AC and CB,
18 well as the whoie length ot C, are at the same
temperature, the emf of the circuit will be
unaffected and will act the same as the orlglnal
Junction AB(3). This law would seem to suggest
that the thermocouple weuld indicate the same
temperature no matter what materials were in-
serted in the hot Junction or how the Junction

when heated in air, oxidlze and form inhomogenel-
ties which affect the emf-temperature characteris-
tics of the Junction {4), Also,lt has been
noticed that when copper-constantan Junctions

are heat-treated above about 400 F they have a
tendency to indicate temperatures higher than
actually exist (5), It has furthermore been
found that the sensitivity of copper-constantan
thermocouples changes when the Junctions are
annealed in air and when they are sandpapered

{6) These findings show that the physical
treatment and condition of the Junction has a
definite effect on the emf-temperature
characteristics of a Junctlon,

Since 1t should now be recognized from the
foregoing that the emf-temperature characterlistics
of a Junction willl be changed Iif the condition
of the Junctlion 1is changed 1t is to be expected
that two Junctions made from the same materlals
and maintained at the same temperature should
indicate differently if their physical conditlions
are different, Metallurgically, a difference
in condition of the Jjunctions coulsd re c3used
by any of the following:

{a) Differences in grain size or structure,

{b} Presence of other metals in solution,

(c) 1Inclusions of gases or sollds in the
matrix,

(d) Heterogeneous mixing of the two metals,

{e) Nonintimacy of the thermocouple compo~
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nents allowing oxidation to occur within the
Junetion,

(f) Substitution or lattlce=vacancy
diffusion in the lattice structure of the Junctlon,
These varlous effects cc¢:* 1 occur durlng
Junction manufacture for sever:1 reasons, such

ass

time of the test,
co..version tahl- s {Natlioral Bureau of Standards
the emf differences were con-

From the emf«temperature

Circular 4311
verted to temperature differences, and the
temperature differences obtained from the aging

2 .porime::ts were plotted against the age in hours
at the time »f the experiment (Fig, ). The
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1 Nature and stabllity of welding flame,

2 Metalllc or nonmetallic vapors carried
in the flame,

3 Lack or presence of a protective atmos~
phere around the Junctlon,

4 fTemperature attained by the Junction
during manufacture and subsequent heat-treatment,

From an analysls of the nati~:2 af the methods
of manufacture used in thils inv:suigation and
the physlcal properties of the :.ermocouple
materlals, it would seem that the physical con-
ditlon of each Jjunction should se different frow
the condition of the others,

temperature should be expected,
EXPERIMENTAL RESULTS

The emf!'s measured during thc exoerimenis
were plotted agalnst elapsed time 1ln minutes,
from the stari of the experiment, glving tlime-
emf curves for each Jjunction (Fig. 4). These
curves are horizontal, indicating that the
furnace had reached equilibrium al the time
the test was performed,

Using the time~emf curves ard arbitrarily
consldering one junction as reference, the
difference in emf between 1t and each of the
other Junctlions was determined for the same

Frow this differencs
in condltion, therefore, a difference In indicated

of 1niizated temperature difference versus
tern.rosare LECTY

temporature differcorces obtained from the varla-
Jle terperature experiments were plotted against
the temperature at which the experiments were
conducted,

Looking at the results of the foregoing
experiments, the following statements can be made:

Junction manufacture has a definite effect
on the iemperature indication of a thermocouple,
Thevnocouples with Junctions made by different
methods do not Indicate the same temperature,
even though subjected to the same temperature,
The amaximum difference in indicated temperatures
for the methods of Juncture investigated was
about 2 deg F over the range 95 to 585 F (Pig. 6),

All junctions tested were affected to some
degree by aging, The greatest aging effect was
noted for the mercury arc-welded Junction,
amounting to -6 x 10~% degF/nr with respect to
the —nference Junction,

The differences in indicated temperature
of tire Junctions changed with the temperature
ievel, However, the maximum indicated tempera-
ture difference remalned about the same over the
temperature range studled,

Photomicrographs of cross sections of the
Jusvil.uns reveal that the physlcal conditions
of Junctions made by different methods are quite
different,

A1l three sets of Junctlons, manufactured
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by the same methods, produced the same temperae
ture-time curves.

CONCLUSIONS

From consideration of the theoretical analysis
and a close study of the experimental results
covered by this investigation, the roliowing
conclusions seem to be in order:

(a) The investigation descrided, as well
as other data collected by the authors over a
perlod of years, shows the deflnite effect of
thermocouple~ Junctlon manufacture upon emf genera-
tica (a fact which seems to have been neglected
in the literature).

{b) The temperatures indicated by thermo-
couples carefully made by the same methoed are
the same,

{e) The difference in indlcated tempevature
with the termocouples tested here can be as much
as 2 deg F as a result of the Junction manu~
facturing method alone,

{d) A photomicrographic study of %he
Junctions indicates a considerable structurul
difference produced by the varlous methods of
Juncture.

{e) Junctions manufactured by different
methods exhiblt different aging characteristics,

(f) Junctions manufactured by different
methods exhibit different temperature
coefflcients, -

(g) Prom this as well as other studles it
seems that a thermocouple should be calibrated

ilmmediately before use over the whole range of
temperature measurement,

(h) From the microstructure-emf correlation
it 1s evident that anything which will change
the microstructure will also change the emf
characteristics of the thermocouple, Examples
are annealing, cold-working, diffusion, oxida-
tion, and so on,
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